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ABSTRACT 

The E l e c t r i c a l  Power System (EPS)  f o r  t h e  Wet 
Workshop and Dry Workshop c o n f i g u r a t i o n s  a r e  d e s c r i b e d  and 
compared based on p r e v i o u s l y  e s t a b l i s h e d  c a p a b i l i t i e s  and 
l o a d s .  System margins  are determined f o r  t h e  W e t  Workshop 
c o n f i g u r a t i o n  

AM EPS + 960 w 
ATM EPS + 540  w. 

For  t h e  Dry Workshop c o n f i g u r a t i o n ,  t h e s e  margins  are 

AM EPS + 463 w 
ATM EPS +1290 w. 

The advantages  and d i sadvan tages  of  i n t e g r a t i n g  t h e  AM EPS 
and ATM EPS u s i n g  AM hardware are g iven  a s  an example. The 
margin f o r  t h i s  i n t e g r a t e d  system i s  + 1 3 3 8  w. Other  approaches  
t o  power system i n t e g r a t i o n  are p o s s i b l e  b u t  are n o t  d i s c u s s e d  
h e r e  s i n c e  t h e  f i n a l  cho ice  will r e q u i r e  a more d e t a i l e d  s tudy .  

While some m o d i f i c a t i o n s  are r e q u i r e d  t o  t h e  ATM EPS 
t o  accomplish t h i s ,  g r e a t e r  f l e x i b i l i t y ,  improved e f f i c i e n c y ,  
and i n t e g r a t e d  power management r e s u l t .  
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SUBJECT: E l e c t r i c a l  Power System f o r  AAP DATE: J u l y  2 9 ,  1 9 6 9  
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FROM: B e  W. MOSS 

MEMORANDUM FOR FILE 

INTRODUCTION 

A p r o p o s a l  has  r e c e n t l y  been made f o r  t h e  use  of a Dry 
Workshop c o n f i g u r a t i o n  f o r  t h e  Apol lo  A p p l i c a t i o n s  Program rather  
t h a n  t h e  W e t  Workshop which i s  t h e  b a s e l i n e  c o n f i g u r a t i o n .  The 
E l e c t r i c a l  Power System (EPS) e x t a n t  on t h e  W e t  Workshop i s  
proposed t o  be used ,  w i t h  minimum m o d i f i c a t i o n s ,  on t h e  Dry 
Workshop. Both sys tems a r e  d e s c r i b e d  and compared and a t h i r d  
i n t e g r a t e d  sys tem i s  proposed based on use  of  AM hardware which 
o f f e r s  some s i g n i f i c a n t  advantages .  S e v e r a l  approaches are 
p o s s i b l e  f o r  t h i s  i n t e g r a t e d  system des ign :  

a )  ATM EPS unmodified and AM EPS modif ied t o  match 
c h a r a c t e r i s t i c s  

b j  AM EPS unmodified and ATM EPS modif ied t o  match 
c h a r a c t e r i s  t i cs  

c )  A new d e s i g n  f o r  a n  i n t e g r a t e d  system. 

Many c o n s i d e r a t i o n s  w i l l  a f f e c t  t h e  f i n a l  cho ice .  

WET-WORKSHOP SYSTEM 

The AAP C l u s t e r  f o r  t h e  56-day ATM s o l a r  astronomy 
m i s s i o n  c o n s i s t s  of an O r b i t a l  Assembly (OA) of t h e  wet-launched 
S - I V B  O r b i t a l  Workshop ( O W S ) ,  A i r l o c k  Module ( A M ) ,  and M u l t i p l e  
Docking Adapter  ( M D A ) ,  t h e  Command and S e r v i c e  Module ( C S M ) ,  
and t h e  Lunar Module A s c e n t  S tage  (LM-A) and Apollo Telescope  
Mount (ATM). E lec t r ica l  power i s  s u p p l i e d  t o  t h e  v a r i o u s  
l o a d s  by Fue l  C e l l  A s s e m b l i e s  (FCA)  on t h e  CSM, a Solar Array/  
B a t t e r y  (SA/B)  system on t h e  OA, and a SA/B system on  t h e  ATM. 

The c h a r a c t e r i s t i c s  and  performance of  these v a r i o u s  
sys tems have been described i n  many documents and, fo r  convenience ,  
a r e  summar ized  on Table  I fo r  t h e  AM EPS and Table  I1 f o r  t h e  
ATM EPS. The FCA character is t ics  are n o t  summarized because  
t h e y  a r e  l i m i t e d  by r e a c t a n t  s u p p l i e s  t o  an ave rage  o f  1 8 0 0  w a t t s  
o v e r  t h e  t o t a l  m i s s i o n  d u r a t i o n .  They a r e ,  however, c a p a b l e  of 
s u p p l y i n g  3700 w a t t s  maximum f o r  peak l o a d  c o n d i t i o n s .  

If w e  c o n s i d e r  now t h e  l o a d s  and t h e  s o u r c e s  which 
s u p p l y  them (Tab le  1111, w e  f i n d  t h a t  t h e  minimum ave rage  system 
marg ins  are 960 w f o r  t h e  AM EPS and 540 w f o r  t h e  ATM EPS. 
These  margins  a r e  based on minimum con t inuous  bus power from 
t h e  SA/B sys tems ( B = O o )  and on mis s ion  ave rage  loads. During 
any one o r b i t ,  h i g h e r  l o a d s  can be s u s t a i n e d  by i n c r e a s e d  d e p t h  
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Table I 

AM EPS CHARACTERISTICS 

AM EPS 

S o l a r  Array  (Reference  1) 

A r e a  

BOL Power Rat ing  

EOL Power Rat ing  ( 8  m o s .  ) 

B a t t e r y  (Reference  2 )  

AH Rat ing  

WH Recharge E f f i c i e n c y  

Charger  (Reference  2 )  

Type 

E f f i c i e n c y  

Regu la to r  (Reference  2 )  

E f f i c i e n c y  

Bus Power 

Minimum Continuous ( B = O )  

PsA/PL (Reference  3 )  

D i s t r i b u t i o n  Loss  

* Degraded a t  1 / 2  % p e r  month 

1360 f t 2  

11900 w 

11440 w * 

33 AH 

0.677 

Buck 

0.95 

Buck 

0.95 

3920 w **  
2.55 

15 % 

* *  I n c l u d e s  p e n a l t y  f o r  bus s p l i t  9 . 1  % ,  r e g u l a t o r  mismatch 1 6 4  w. 
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Table I1 

ATM EPS CHARACTERISTICS 

ATM EPS 

S o l a r  Array (Reference  3 )  

A r e a  

BOL Power Rat ing  

EOL Power Rat ing  ( 2  months) 

B a t t e r y  

AH Ra t ing  

WH Recharge E f f i c i e n c y  
(Reference 4 )  

Charger  

Type 

E f f i c i e n c y  (Reference 4 )  

Regu la to r  

Type 

E f f i c i e n c y  (Reference 4 )  

Bus Power 

Minimum Continuous ( B = O )  
(Reference 8 )  

'SA/'L 

D i s t r i b u t i o n  Loss (Reference  4 )  

* Degraded a t  1 / 2  % p e r  month 

1 2 0 0  f t 2  

10480 w 

10375 w * 

20 AH 

0.70 

Buck 

0 .96  

Buck/Boost 

0.875 

3600  w **  

2.65 

14 % 

* *  Based on the rma l  l i m i t  f o r  CBRMs 
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Table 111 

WET WORKSHOP CONFIGURATION 

SYSTEM MARGINS 

R e q u i  r e m e n t  s 

CSM ( R e f e r e n c e s  1 & 5 )  - 
- AM ( R e f e r e n c e s  5 & 6 )  

MDA (References 5 & 6 )  - 
- OWS (References 5 & 6 )  

2250 w 

7 7 7  

2 5 1  

1 2 1 2  

Tota l  R e q u i r e m e n t  4 4 9 0  w 

P o w e r  A v a i l a b l e  

F C A  1 8 0 0  

AM EPS ( R e f e r e n c e  1) 3650 * 5 4 5 0  

S y s t e m  Margin + 9 6 0  w 

R e q u  i r e m e n  t s 

ATM - ( R e f e r e n c e  7 )  2310 w * *  

LM-A ( R e f e r e n c e  7 )  750  

Tota l  R e q u i r e m e n t  3060 w 

P o w e r  Avai lable  

ATM EPS (Reference  8) 3600  

S y s t e m  Margin + 5 4 0  w 

* Includes p e n a l t y  for ATM a r r a y  s h a d o w i n g  
**  A v e r a g e d  over one o r b i t  
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of discharge (DOD) of the batteries during that orbit and 
replenishment of charge during subsequent orbits, and by 
operation of the CSM FCA's at higher than the average level. 

DRY-WORKSHOP SYSTEM WITH MINIMUM MODIFICATIONS 

The Dry Workshop (DWS) for AAP consists of a dry 
launched S-IVB Workshop, Airlock Module, Multiple Docking 
Adapter, and Apollo Telescope Mount with a Command and Service 
Module completing the Cluster. Various modifications would 
be made to these modules to go from the wet to dry Workshop 
configuration, but these will not be discussed in detail in 
this paper. However, some general ground rules can be stated 
that will affect the electrical power requirements, distribu- 
tion, and availability. These include 

1. 

2. 

3 .  

4 .  

5. 

6. 

and 7. 

use of the present AM EPS, essentially unmodified, 

use of the present ATM EPS, essentially unmodified, 

no interconnection of the two systems because of 
fundamental differences in characteristics, 

shutdown of CSM FCAs after docking, 

elimination of the LM-A, and its associated loads, 

relocation of ATM Control and Display Console in the 
MDA , 
operation of the CSM in a dependent mode. 

As a result of these ground rules, the loads and system margins 
shown on Table I11 become as shown on Table IV. 

INTEGRATED DRY-WORKSHOP SYSTEM 

Suppose we take exception to the ground rule of no 
interconnection of systems, and attempt to make the two systems 
similar in characteristics so that parallel operation is 
possible. To accomplish this, the regulators should have the 
same output voltage and the same "droop1' characteristic so that 
load sharing and voltage tracking can occur. Since the AM EPS 
operates at a somewhat better overall efficiency than the ATM 
EPS, matching the ATM EPS characteristics and those of the 
AM EPS is desirable. Because the AM Regulator is "buck" only 
and the ATM Regulator is "buck-boost," the losses in the AM 
Regulator are lower and, therefore, substitution of the AM 
Power Conditioning Group (PCG) for the ATM Charger-Battery- 
Requlator Module (CBRM) is recommended. 
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T a b l e  I V  

DRY WORKSHOP WITH MINIMUM M O D I F I C A T I O N S  

SYSTEM MARGINS 

R e q u i r e m e n t s  

CSM* 750  w 

AM ( R e f e r e n c e s  5 6i 6 )  - 
MDA ( R e f e r e n c e s  5 & 6 )  - 
ATM C&D C o n s o l e  (LM-A l o a d )  

( R e f e r e n c e  9 ) 

- OWS ( R e f e r e n c e s  5 & 6 )  

Tota l  R e q u i r e m e n t  

777 

2 5 1  

1 9 7  

1 2 1 2  

3187 w 

Power  A v a i l a b l e  

AM E P S  ( R e f e r e n c e  1) 

S y s t e m  Margin 

R e a u  i r e m e  n t  s 

ATM ( R e f e r e n c e  7 )  

Power A v a i l a b l e  

ATM EPS ( R e f e r e n c e  8 )  

3650 

+ 4 6 3  

2310  w 

To ta l  R e q u i r e m e n t  2 3 1 0  w 

3600 

System Margin + 1 2 9 0  w 

* B e l l c o m m  E s t i m a t e  
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To use  a buck r e g u l a t o r ,  however, it i s  n e c e s s a r y  
t o  have a h i g h e r  b a t t e r y  v o l t a g e  t h a n  i s  a v a i l a b l e  from t h e  
ATM B a t t e r y  ( 2 4  c e l l s ) .  T h i s  i m p l i e s  t h e  use  of t h e  AM 
B a t t e r y  (30 c e l l s ) .  A t  t h i s  p o i n t ,  t h e  r equ i r emen t  for  
s u b s t i t u t i o n  of  t h e  AM Charger f o r  t h e  ATM Charger i s  obvious.  

The remain ing  problem t o  be a t t a c k e d  i s  t h e  ATM 
S o l a r  Array c o n f i g u r a t i o n .  The easiest  approach would be  t o  
s u b s t i t u t e  OWS S o l a r  Array modules ( F i g u r e  1) f o r  ATM Solar  
Array modules ( F i g u r e  2)--30 OWS modules i n  p a r a l l e l  f o r  each  
PCG (AM b a t t e r y ,  c h a r g e r ,  and r e g u l a t o r ) .  U n f o r t u n a t e l y ,  t h e  
OWS modules are n o t  compat ible  w i t h  t h e  mechanica l ,  s t r u c t u r a l ,  
and geomet r i c  d e s i g n  of t h e  ATM wings. I n  o r d e r  t o  s u b s t i t u t e  
OWS S o l a r  Array modules f o r  ATM modules e x t e n s i v e  m o d i f i c a t i o n s  
would be r e q u i r e d  t o  t h e  s o l a r  wing and ATM S t r u c t u r e  which 
would p robab ly  r e s u l t  i n  changes i n  t h e  dimensions o f  t h e  
stowed so la r  a r r a y .  I t  would be  d e s i r a b l e  t o  make minimum 
changes,  i f  any,  t o  t h e  ATM wings. The arrangement  of  modules 
on a t y p i c a l  p a n e l  of t h e  ATM a r r a y  and of  t h e  p a n e l s  on a 
wing i s  shown on  F i g u r e  3. 

An a l t e r n a t i v e  would r e q u i r e  m o d i f i c a t i o n  t o  20% of  
t h e  ATM modules used.  Th i s  m o d i f i c a t i o n  i s  shown on F igure  4 .  
One such  module would be r e q u i r e d  f o r  e v e r y  f o u r  unmodified 
modules. P r o p e r l y  connec ted  (one- four th  o f  each  modi f ied  
module (28 series cel ls  by 6 p a r a l l e l  ce l l s )  i n  series w i t h  a 
r e g u l a r  module ( 1 1 4  series c e l l s  by 6 p a r a l l e l  c e l l s ) ) ,  each  
p a n e l  of 20  modules would p rov ide  1 6  e q u i v a l e n t  modules 
( 1 4 2  series cel ls  by 6 p a r a l l e l  c e l l s ) .  I n  o r d e r  t o  match t h e  

OWS S o l a r  Array performance c h a r a c t e r i s t i c s  i n  which 30 p a r a l l e l  
modules ( 1 4 2  series cel ls  by 8 p a r a l l e l  cel ls  each )  are connec ted  
t o  one PCG, w e  must now so connec t  t h e  ATM modules as t o  p r o v i d e  
240 p a r a l l e l  cel ls  (8 x 3 0 ) .  T h i s  can  be accomplished by 
u s i n g  40 e q u i v a l e n t  modules o r  2 1 / 2  p a n e l s  t o  f e e d  one PCG. 

The q u e s t i o n  o f  s i z i n g  of  t h e  new ATM EPS remains 
t o  be answered. S ince  w e  w i l l  now have an  i n t e g r a t e d  e l e c t r i c a l  
power sys tem i n  which b a t t e r i e s ,  c h a r g e r s ,  and r e g u l a t o r s  are 
i d e n t i c a l  and i n t e r c h a n g e a b l e ,  w e  can c o n s i d e r  bo th  a r r a y s  
(OWS and ATM) and a l l  PCGs as a s i n g l e  i n t e g r a t e d  system i n s t e a d  
o f  t w o  independent  sys tems.  

Each PCG w i l l  be s u p p l i e d  by 30 OWS modules r a t e d  
50.4 w a t t s  each  ( a t  a i r  mass zero(AM0)) or  50 ATM modules 
r a t e d  30.3 w a t t s  e ach  ( a t  AMO) . I n  e i t h e r  case, t h e  t o t a l  
a r r a y  power, i s  1515 w a t t s  p e r  PCG. Using a v a l u e  f o r  'SA' 
PsA/PL = 2.55 f o r  t h e  e f f i c i e n c i e s  g i v e n  f o r  t h e  AM PCG, w e  
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50.4 W/MODULE 
@ 55' C A M 0  
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FIGURE 1 - OWS SOLAR ARRAY MODULE 
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FIGURE 2 - ATM SOLAR ARRAY MODULE 
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FIGURE 4 - MODIFIED A I M  SOLAR ARRAY MCIOULE 
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f i n d  each PCG/Array combination rated f o r  594 w a t t s  minimum 
con t inuous  bus power a t  B = 0'. Using t h e  loads g i v e n  on 
Table I V  f o r  t h e  Dry Workshop, w e  f i n d  a t o t a l  requi rement  
fo r  5497 w a t t s .  I f  w e  a l low 20% system margin ,  we  deve lop  
a need f o r  a minimum s o u r c e  c a p a b i l i t y  of 6595 w a t t s .  A t  
594 w a t t s  p e r  PCG,  t h i s  r e p r e s e n t s  a need f o r  11.1 PCGs. 
I t  i s ,  t h e r e f o r e ,  proposed t h a t  t he  t o t a l  sys tem c o n s i s t  of 
1 2  PCGs s u p p l i e d  by 1360 f t 2  of so la r  a r r a y  on t h e  OWS (360 OWS 

modules) and 684 f t  o f  so la r  a r r a y  on t h e  ATM ( 2 0 0  ATM modu les ) .  
The arrangement  o f  t h e  so la r  a r r a y s  is  shown on F i g u r e  5.  

2 

The t o t a l  system performance can  now be de termined  
and i s  shown i n  summary form on Table V .  The system margin 
under  v a r i o u s  assumpt ions  i s  shown on Table V I .  Cons ide rab le  
d i s c u s s i o n  has t a k e n  place r e l a t i v e  t o  t h e  p r o p r i e t y  of 
imposing t h e  p e n a l t i e s  shown on Tables V and V I  fo r  b u s - s p l i t  
and f o r  r e g u l a t o r  m i s m a t c h .  The purpose  of c o n s i d e r i n g  these 
p e n a l t i e s  i n  t h e  d e t e r m i n a t i o n  o f  sys tem c a p a b i l i t y  i s  t o  
i n s u r e  t h a t  adequate  power w i l l  be a v a i l a b l e  under  maximum 
load c o n d i t i o n s .  

Reference 2 s p e c i f i e s  t h e  e x i s t e n c e  of a " f i n e  
ad jus tmen t "  on each r e g u l a t o r  so t h a t  a c c u r a t e  load  s h a r i n g  
can  be a s s u r e d  a t  maximum load .  The r e g u l a t o r  m i s m a t c h  
p e n a l t y  i s ,  t h e r e f o r e ,  a f i c t i o n  under  maximum load c o n d i t i o n s .  
While it may e x i s t  under  less t h a n  maximum load,  t h e  e f fec t  
i s  of no consequence t h e n  s i n c e  more power i s  a v a i l a b l e  t h a n  
i s  r e q u i r e d .  

The b u s - s p l i t  p e n a l t y  assumes t h a t  t h e  t w o  buses  
w i l l  n o t  be loaded  e q u a l l y .  The sys tem must be s i z e d  so t h a t  
t h e  h e a v i e r  loaded  bus h a s  h a l f  t h e  sys tem c a p a b i l i t y .  The 
l i g h t e r  loaded  b u s ,  t h e n ,  i s  under loaded  and t h i s  e x t r a  
c a p a b i l i t y  i s  u n a v a i l a b l e .  T h i s ,  too,  i s  a f i c t i o n  because  
load ass ignments  can  be made so t h a t ,  a t  maximum load, t h i s  
d i f f e r e n c e  i s  bus l o a d i n g  i s  i n s i g n i f i c a n t .  A t  less t h a n  
maximum l o a d ,  each bus cou ld  hand le  up t o  one-ha l f  t h e  sys tem 
c a p a b i l i t y  w i t h  no p e n a l t y .  F rom Table V I ,  t h e n ,  t h e  system 
marg in ,  i g n o r i n g  t h e s e  p e n a l t i e s ,  i s  o v e r  1300 w a t t s  o r  
almost 25 p e r c e n t .  But i f  both p e n a l t i e s  a r e  i n c l u d e d ,  which 
i s  u n r e a l i s t i c a l l y  c o n s e r v a t i v e ,  t h e  sys tem margin i s  s t i l l  
4 7 0  w a t t s  o r  better t h a n  8 .5  p e r c e n t .  Both o f  these margins  
are de te rmined  under  t h e  c o n d i t i o n  of  minimum a v a i l a b l e  power 
( 6  = O O ) .  
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FIGURE 5 - SOLAR ARRAY ARRANGEMENT 
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Table V 

PERFORMANCE OF INTEGRATED SYSTEM 

Svstem Performance 

OWS S o l a r  A r r a y  

2 4 0  modules @ 50.4 w a t t s  

ATM S o l a r  Ar ray  

2 0 0  modules @ 30 .3  w a t t s  

T o t a l  BOL Array Power 

1/2%/month degrada t ion  ( 8  months) 

T o t a l  EOL Array Power 

PsA/PL = 2.55 (Reference  3 )  

Minimum Continuous Bus P o w e r  ( r = O )  

Pena l  t i e s  

Bus S p l i t  ( 9 . 1 % )  622 w 

12100 

6 0 6 0  

18160 

730 
~~ 

17430 w 

6835 w 

Regulator  Mismatch 

2 0 . 5  w/reg 246 w 
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Table VI 

MARGINS FOR INTEGRATED SYSTEM 

System Margin 

Available Power 

Regulator Mismatch Penalty only------- 6589 

Bus Split Penalty only------- 6213 

Both Penalties------ 5967 

Loads (Table IV) 

CSM 

AM 

MDA 

ATM C&D 

ows 

ATM 

System Margin 

750 

777 

251 

197 

1212 

2310 5497 5497 5497 5497 

+ 470 + 716 +lo92 +1338 
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System Comparison 

There are some obvious advantages  i n  t h e  approach 
of minimum m o d i f i c a t i o n s  t o  t h e  sys tems as des igned  f o r  t h e  
W e t  Workshop Conf igu ra t ion :  

1. no s i g n i f i c a n t  changes are r e q u i r e d  e x c e p t  f o r  some 
minor w i r i n g  changes,  

2 .  an enormous system margin w i l l  e x i s t  (463 w a t t s  o r  
14.5 p e r c e n t  on t h e  AM EPS; 1 2 9 0  w a t t s  o r  55.8 p e r c e n t  
on t h e  ATM E P S ) .  

Along w i t h  t h e s e ,  however, go some s e r i o u s  d i sadvan tages  

1. power management of  t h e  t w o  systems i s  i n f l e x i b l e  
and a t  t w o  d i f f e r e n t  l o c a t i o n s  - AM EPS i n  AM, 
ATM EPS i n  MDA, 

2 .  i n t e r c o n n e c t i o n  o f  t h e  AM and ATM EPSs  i s  n o t  
p o s s i b l e ,  

3. cont ingency  o p e r a t i o n  i s  d i f f i c u l t  i f  n o t  imposs ib l e  
because o f  t h e  d i f f e r i n g  c h a r a c t e r i s t i c s ,  and 

4 .  t h e  ATM EPS o p e r a t e s  a t  a lower e f f i c i e n c y  t h a n  t h e  
AM EPS. 

The advantages  of t h e  i n t e g r a t e d  EPS based on AM hardware are 

1. 

2 .  

3. 

4 .  

5. 

a more f l e x i b l e ,  u n i f i e d  power system w i t h  no need 
f o r  s w i t c h i n g  and  complex i n t e r c o n n e c t i o n s  t o  s u p p o r t  
emergency power t r a n s f e r  (power s h a r i n g  between systems 
ceases t o  be a problem) ,  

g r e a t e r  system e f f i c i e n c y ,  

i n t e g r a t e d  and c e n t r a l i z e d  c l u s t e r  power management 
and system moni tor ing ,  

r e d u c t i o n  i n  s i z e  of t h e  ATM Solar Array and removal 
o f  ATM CBRMs, which r e s u l t s  i n  reduced weight  and 
i n e r t i a  of so la r  a r r a y  wings and reduced s t r u c t u r e  on 
t h e  r a c k ,  

r e d u c t i o n  i n  s i z e  of t h e  ATM S o l a r  Array which e l i m i n a t e s  
t h e  shadowing of t h e  OWS S o l a r  Array,  r educes  t h e  ATM 
S t a r  T racke r  o c c u l t a t i o n  problem, and r educes  t h e  ATM 
antenna  shadowing problem, and 
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6 .  ATM Thermal Con t ro l  System may be  o p e r a t e d  d u r i n g  
p r e - a c t i v a t i o n  pe r iod  w i t h  much g r e a t e r  l a t i t u d e  
on EPS l i m i t a t i o n s  because of  g r e a t e r  c a p a c i t y  of 
i n t e g r a t e d  system. 

At t endan t  w i t h  t h e s e  advantages ,  however, t h e r e  are some " c o s t s "  
o r  d i s a d v a n t a g e s  

1. some o f  t h e  ATM S o l a r  Array modules must be modi f ied  
(20 p e r c e n t  of them) ,  

2 .  ATM C o n t r o l  and Display Console must be modi f ied  t o  
e l i m i n a t e  power moni tor ing  and c o n t r o l  f u n c t i o n s  
(add them t o  t h e  AM power p a n e l )  o r  add a l l  PCG 
mon i to r ing  and c o n t r o l  f u n c t i o n s  t o  t h e  ATM ( e l i m i n a t e  
them i n  t h e  A M ) ,  

3. mounting p r o v i s i o n s  f o r  t h e  a d d i t i o n a l  ba t t e r i e s ,  
c h a r g e r s ,  and r e g u l a t o r s  must be a r r anged  on t h e  AM, 
and t h e  AM c o o l i n g  system must be modi f ied  t o  hand le  
t h e  a d d i t i o n a l  waste  h e a t  from t h e  P C G s ,  

4 .  more complex c a b l e  r o u t i n g  and power d i s t r i b u t i o n  w i l l  
be r e q u i r e d  both  on  t h e  ATM s o l a r  a r r a y  wing and 
th roughou t  t h e  c l u s t e r  w i t h  p o t e n t i a l  i n c r e a s e s  i n  
t h e  EM1 problems,  

5. a d d i t i o n a l  c a p a b i l i t y  w i l l  be r e q u i r e d  i n  GSE t o  
p e r m i t  i n t e g r a t e d  system t e s t i n g ,  and 

The m o d i f i c a t i o n  o f  t h e  ATM S o l a r  Array modules i s  
r e l a t i v e l y  minor and could  be accomplished by rework of t h o s e  
modules a l r e a d y  d e l i v e r e d .  Mounting f o r  t h e  a d d i t i o n a l  PCGs  
s h o u l d  be  p o s s i b l e  w i t h o u t  undue d i f f i c u l t y  on t h e  AM t r u s s  
s t r u c t u r e  ( l o c a t i o n  o f  p r e s e n t  P C G s ) .  The d e s i g n  of t h e  EPS 
as an  i n t e g r a t e d  sys tem p rov ides  redundancy n o t  now a v a i l a b l e  
w i t h  t w o  d i f f e r e n t  systems (AM PCG & ATM CBRM). The a d d i t i o n a l  
c a b l i n g  r e q u i r e d  by s e p a r a t i o n  of ATM s o l a r  a r r a y  and a s s o c i a t e d  
P C G s  i s  a r a t h e r  r o u t i n e  problem. A l l  t h i n g s  c o n s i d e r e d ,  t h e  
advan tages  of improved e f f i c i e n c y ,  g r e a t e r  f l e x i b i l i t y ,  and 
i n t e g r a t e d  power management f a r  outweigh any d i s a d v a n t a g e s  
t h a t  a c c r u e  t o  t h e  t o t a l l y  i n t e g r a t e d  power system. 

1022-BWM-ep B:W. Moss 
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